INTRODUCTION
Iron is an essential micronutrient linked to proteins participating in different metabolic pro cess, such as chlorophyll synthesis and electron transport through the respiratory and the photosyn thetic chains. The typical symptom of Fe-deficiency chlorosis consists of an interveinal yellowing or a chlorosis of young leaves (Chaney, 1984; Alcantara et al., 2003) .
Iron-deficiency chlorosis affects numerous crops grown in alkaline and lime soils throughout the world (Vose, 1982) . Pears are known to be one of the most susceptible fruit trees to lime induced Fe-deficiency chlorosis (Tagliavini and Rombola, 2001) . In Asia, especially, Northwest of China, many pear trees were cultured in alkaline and calcareous soils. The lime-induced Fe deficiency chlorosis is very serious issue limiting cultivation. To solve the above issue it may be the best way to select the tolerant rootstocks. The selection of pear rootstocks for tolerance to Fe deficiency chlorosis has been conducted in European pear rootstocks (Pyrus communis L.) (Bunnag et al., 1996; Marino et al., 2000) . However, the selection in Asian pear rootstocks has received lit tle attention. P. betulaefolia, P. calleryana and P, pyrifolia has been largely adopted in the Asian area as pear rootstocks. The pear cultivars grafted on these rootstocks often show symptom of Fe deficiency chlorosis under alkaline and calcareous soils condition. On the other hand, P. xerophila, a wild species from the Gansu and Shaanxi provinces, northwest of China , shows a strongly ability to adapted local poor soil and environmental conditions. However , this species has not been stud ied sufficiently.
It is well known that the selection of rootstocks based on the field evaluation is generally time consuming and very expensive. Recently, an alternative method to screen tolerant rootstocks against Fe-deficiency chlorosis based on the physiological responses of plants has been suggested , and the responses were mainly converged on reduction capacity of Fe in root (Jolley et al ., 1996; Gogorcena et al., 2000) .
Generally, the uptake of Fe into the cytoplasm is restricted to Fe02+ for dicots (Marler et al., 2002) , while Fe is primary presented as Fe3+ in lime soil . The uptake of Fe is preceded by a reduction step from Fe3+ to Fe2+ before it can cross the plasma membrane of outer root cells (Tagliavini and Rombola, 2001 ). Higher plants can be divided into strategies i and ii by Fe requirements de pendent on their specific ability for Fe-uptake and translocation. Strategy I plants (dicots and non grass monocots) respond to Fe-deficiency stress by increasing the capacity of their roots to induction of Fe3+ to Fe2+ carried out by iron reductase systems on the root plasma membrane that make an available form of Fe for plant growth (Moog and Bruggemann , 1994) . The enhancing Fe uptake induced by Fe-deficiency stress has been widely studied in field crops . In soybean, there were a close relationship between Fe3+ reduction capacity and the tolerance to Fe-deficiency chlorosis (Jolley et al., 1992) . On the contrary, in other studies , the ferric-chelate reductase (FCR) activity did not increase under Fe-deficiency stress in mango (Shenker et al., 1991) , and European pear rootstocks (Tagliavini et al., 1995) . The physiological basis for Fe-deficiency stress induction has not been understood completely. Moreover, the mechanism of Fe-deficiency stress in Asian pear rootstocks has received little attention.
In the present research, we aimed to investigate the induction of root FCR activity , and to evaluate differences of tolerance to Fe-deficiency chlorosis among four Asian rootstocks species grown in a nutrient solution with or without Fe.
MATERIALS AND METHODS

Plant materials
Seeds of the four pear rootstock species were collected in October, 2001. Pyrus xerophila Yu was obtained from Gansu, China; while Pyrus calleryana Decne, Pyrus betulaefolia Bunge and Pyrus pyrifolia Nakai were obtained from the pear germplasm bank of Tottori University , Japan. The seeds were germinated in a mixture soil prepared with sand , perlite and peat (1:2:1) in a greenhouse on January 25, 2002. When the seeds grown for 30 days , uniform seedlings (10 cm high) were selected for the experiment. 
RESULTS
Leaf chlorophyll content One week after treatment without Fe, the plants showed a chlorosis symptom of Fe-deficiency, and the degree of chlorosis was enhanced gradually as the treatment goes (Fig. 1) The FCR activity of intact roots in the pear rootstocks had not significant difference between control and Fe-deficiency stress treatments for 20 DAT (Table 1) , even there was a slight increase under Fe-deficiency stress than control except P. xerophila. However, the FCR activity of root tips under Fe-deficiency stress significantly increased in all pear rootstocks, which were about 2-3 times higher than that of control. The root tips showed a strong reducing capacity of Fe3+ than in tact roots. Among four pear rootstocks, P. xerophila had the highest FCR value of root tips than the other rootstocks in Fe-deficiency stress treatment (Table 1 ). In the P . xerophila, there was higher FCR activity in lateral root tips than in primary root tips in both control and Fe-deficiency stress treatments on 20 DAT (Fig. 3) . The FCR values of primary and lateral tips roots under Fe deficiency stress were about almost 4 and 5 times higher than those of control , respectively (Fig.  3) . After 25 days of Fe-deficiency stress, FCR activity of root in P. xerophila was dependent on the distance from root tips. There was the highest FCR activity in the 0-2 cm section from root tips, and declined quickly in the 2-4 cm section (Fig. 4) .
Localization of FCR activity in root tips on Agar plates
The root tips of P. xerophila under the Fe-deficiency stress incubated in agar medium with
Ferrozine and Fe-EDTA showed a stronger Fe3 reduction capacity than that in control according to intensity of purple-red coloration.
The highest activity area of FCR in root tips under Fe deficiency stress were found at the central section of the root tips (Fig. 5) .
DISCUSSION
In the present study, the chlorosis determined by the SPAD index ( Fig.  1) It has been suggested that FCR activity was mainly presented in the root tips (Gogorcena et al., 2000) . Our results indicated that there was a considerable increase in primary and lateral root tips of pear rootstocks under Fe-deficiency stress for FCR activity (Table 1 and Fig. 3) , and the FCR value of root tips was much higher than that of roots in other areas (Fig . 4) . Furthermore, the above phenomenon was also confirmed in Agar medium trial (Fig. 5) , and the highest activity area of FCR in the root tip was localized at the zone of 0.5-1.5 cm from apical root tip . Our result sug gested that there was significant induction of FCR activity in root tips of four pear rootstocks under Fe-deficiency stress, and they were able to respond to Fe-deficiency stress by increasing their Fereducing capacity in root tips. The degree of chlorosis was related to the FCR activity of root tips . The measurement of FCR activity for intact roots is not a suitable method to evaluate the tolerance of Fe-deficiency chlorosis in Asian pear rootstocks. The root tip protocol of the ferric chelate reductase activity is a suitable indicator for the selection of tolerant pear rootstocks to Fe-deficiency chlorosis.
It has been suggested that different genotypes had a different capacity on Fe absorption . Tolerant cultivar growing under Fe-deficiency condition could mobilize more Fe from their apoplastic pools than the susceptible one. The chlorosis developed proportionally later in the tol erant cultivar, because Fe pools were potentially capable of being re-mobilized (Morales et al ., 1998; Tagliavini et al., 1995) . In the present study, there were significant differences in the toler ance to Fe-deficiency chlorosis among four pear rootstocks grown in the nutrient solution without Fe. This result indicated that pear plants could utilize the Fe of inside stockpile for metabolism in a certain period of growth when no Fe was supplied to the plants. Therefore, the tolerance to Fedeficiency chlorosis should be related with the root absorption, translation, inside stock and remobilization of Fe. 
